INTRODUCTION
In teleosts, the sex differentiation pattern may be classified as synchronous hermaphroditism (protandrous and protogynous) or gonochorism (undifferentiated and differrentiated) (Yamamoto, 1969) . Both genetic and environmental factors can significantly impact the sex determination of fish (Devlin & Nagahama, 2002) . The physicochemical factors relevant to the sex determination of fish include the water temperature, salinity, and pH (Baroiller et al., 1999) , while the related chemical factors include polychorinated biphenyls (PSBs), nonylphenol, bisphenol, and dioxin by endocrine disruptor (Gray & Metcalf, 1997) .
To improve the economics of aquaculture, these parameters may be used to render fish populations artificially mono-sexual (e.g., by adjusting the water temperature, controlling the pH, or applying hormone treatments).
The Korean rose bitterling, Rhodeus uyekii, is an indigenous species in Korea. Falling within the Cypriniformes, Cyprinidae, and Rhodeus, these fish live on the muddy floor at the edges of reservoirs, plant-filled and/or slowmoving streams, and ponds. They are distributed in the watershed of the Nakdong River and other streams in the Southern part of Korea (Jeon, 1982) . The Korean rose bitterling breeds between the end of April and mid-June, and shows special features in breeding in the fresh water bivalves of the Family Unionidae by extending the ovipositor in the female (Uchida, 1939; Nakamura, 1969) .
Seen from the side, the body of the Korean rose bitterling is relatively compressed from nose to tail and relatively tall from the caudal to dorsal aspect, with the male generally being taller than the female. In color, the body is light brown on the back, darker on the front back of the dorsal fin and the caudal peduncle, and reddish white silver on the flank. The male is black on the outside of its rear fin and exhibits a small white spot inside. The female has black of its rear fin as only patterning. Given its excellent visual effect, the male is far preferred over the female as an aquarium fish, besides the taxonomic group with urgent preservation due to easy exposure to the recent biological and environmental pollution (Kang et al., 2006) .
For the Korean rose bitterling, researchers have studied:
the early life history of laboratory-reared fish; egg and larval development; the seasonal sex ratio in the field; the reproductive cycle of the spring-spawning bitterling; osteology; elongation of the ovipositor; the temperaturedependent index of the mitotic interval (τ0) for chromosome manipulation; morphometric traits; cytogenetics of induced crosses and reciprocal hybrids between Korean rose bitterling and R. notatus; and the use of lidocaine hydrochloride and clove oil as an anesthetic (for both Korean rose bitterling and oily bitterling, Acheilognathus koreensis) (Kim & Han, 1990; Park & Kim, 1990; An, 1995; Kim, 1997; Chae, 2001; Kim et al., 2011 Kim et al., , 2012 . Studies have also examined trends in the early development of the gonad and the potential for sex change, but the process of sex differentiation in the Korean rose bitterling is not yet fully understood.
Here, we investigated the sex differentiation and gonadal development of the Korean rose bitterling, and their dependence on the initial growth and integral water temperature at the constant breeding water temperature for the hatching fry through the artificial insemination as a part of production of the monosexual population and the seed production of the Korean rose bitterling. 
MATERIALS AND METHODS

Experimental fish
Rearing conditions
Hatched larvae were divided into groups of 10 and distributed to transparent plastic containers (W 10 cm × L 5 cm × H 3 cm; Coolrara, Easyfilm, Korea). The other conditions were as described in the "Artificial spawning and hatching" section above. Each day, the average water temperature and integral water temperature were recorded.
The larvae began to feed once the yolk was completely absorbed, at 21 days post-hatching (DPH).
Specimens and histological observation of gonads
The hatchlings (n = 20) were sampled daily from hatching to 5 DPH, at 2-day intervals from 7 to 21 DPH, at 4- (Fig.   1 ). The condition factor decreased from just-hatching to 21
DPH, but remained steady thereafter (Fig. 1, lower panel, and Fig. 2-I ). Yolk absorption was complete at 21 DPH (9.2±0.14 mm TL, 4.8±0.07 mg BW; 462 o C IWT post hatching) (Fig. 2-I ). At that point, the hatchling exhibited the (Fig. 2-G) when the first feeding commenced following complete absorption of the yolk, gonads became apparent on both sides, running beneath the air bladder mesentery to the genital ridge in the abdominal cavity (Fig.   3A ). The primordial germ cells (PGCs) were oval, approximately 7.2 μm in diameter, and enclosed by loose connective tissue. Their cytoplasm was weakly stained by hematoxylin, and they contained round nuclei of 2 μm in diameter (Fig. 3A insert) (Fig. 4D) . These observations indicate that the Korean rose bitterling belongs to the differentiated type of gonochoristic teleosts (Fig. 5) . 
DISCUSSION
The present study shows that although the TL of the Korean rose bitterling, Rhodeus uyekii, increased continuously post-hatching, the BW decreased somewhat until yolk absorption was complete and feeding began (at 21 DPH). This likely reflects the dependence of the metabolism on energy from the yolk rather than the intake of exogenous food.
The sex differentiation of Teleostei varies and can show irregular features, and many gonochoric fishes, including some hermaphroditic fishes, easily change sex (Devlin & Nagahama, 2002) . In aquaculture, this has been used to produce monosexual populations with improved economics. Thus, we need to fundamentally understand the sex differentiation and sex change of fishes (Park et al., 2004) .
Here, the sex differentiation of the Korean rose bitterling was analyzed with respect to TL and BW at various DPH.
Result of gonadogenesis and sex differentiation in European eel, Anguilla anguilla and bagrid catfish, Pseudobagrus fulvidraco. These results relatively correct better than previous studies based on simply DPH (Colombo & Grandi, 1996; Park et al., 2004) . Moreover, as include the integral water temperature for check factor in this study, it will be more correctly standard than previous studies.
PGCs appear at different times and in different areas across species. Those of the tilapia, Tilapia zillii, appear at hatching; those of the rainbow trout, Salmo gairdneri, are first seen at 36 DPH under the mesonephric duct; those of the ussurian bullhead, Leiocassis ussuriensis, and black bullhead, P. koreanus, appear at 1 DPH; those of the Korean bullhead appear at 3 DPH; and those of the Chinese minnow, Moroco oxycephalus, appear at 8 DPH under the air bladder mesentery (Yoshikawa & Oguri, 1978; Takashima et al., 1980; Park et al., 1998 Park et al., , 2001 Park et al., , 2004 Park et al., , 2008 (Pifferrer & Donaldson, 1989; Park et al., 1997) . However, there seems to be some consistency in that the sex differentiation of various fish species begins at the time the yolk sac is completely absorbed and the first feeding occurs, such as in the rainbow trout, the cherry salmon (40 DPH) (Park et al., 1997; Van den Hurk & Solf, 1981) , and the Korean rose bitterling (21 DPH; this work).
The sex differentiation of teleosts can be grouped at the level of species or family, with the process occurring at 10 ~40 DPH in cichlids, 10~30 DPH in Cyprinodontids, and 3~40 DPH in Anabantids (Yamazaki, 1976; Shelton & Jensen, 1979; Pandian & Sheela, 1995) . The sex differentiation of the Ussurian bullhead occurs at 15~20 DPH and that of the Korean bullhead occurs in a similar range of 12-20 DPH, while those of the mandarin fish, Siniperca scherzeri, and cherry salmon begin somewhat later, at 40 DPH (Park et al., 1997 (Park et al., , 2001 (Park et al., , 2004 ). The present study shows that the sex differentiation of the Korean rose bitterling occurs at 21~25 DPH, with ovaries first seen at 21 DPH and testes observed at 25 DPH. In some fishes, such as the ocean perch, Diterma temmincki, testicular differentiation is seen first; however, most fish show initial differentiation of the ovary (Takashima et al., 1980; Lee & Lee, 1996; Park et al., 2004) , as observed here for the Korean rose bitterling.
Ovary formation of teleost are two main forms. The entovarian sac forms at the center of the ovarian cavity, while the parovarian sac forms on the edge of ovary (Lee & Lee, 1996) . The sweet fish, Plecoglossus altivelis, and the threespine stickleback, Gasterosteus aculeatus, reportedly form parovarian sacs (Bang et al., 2000) , while the white spotted char, Salvelinus leucomaenis, the rainbow trout, and the ussurian bullhead reportedly form entovarian
sacs. The present study shows that the Korean rose bitterling forms its sacs in the middle of the ovary pattern, indicating that this species forms entovarian sacs (Takashima et al., 1980; Park et al., 2001 ).
The observation that the Korean rose bitterling began ovarian differentiation at 21 DPH and testicular differentiation at 25 DPH indicates that this species exhibits gonochorism. In this, the Korean rose bitterling resembles the rainbow trout, the chum salmon, O. keta, the medaka,
Oryzias latipes, the ussurian bullhead, the Chinese minnow, and the ocean perch (Robertson, 1953; Tuzuki et al., 1966; Yoshikawa & Oguri, 1978; Takashima et al., 1980; Lee & Lee, 1996; Park et al., 1998 Park et al., , 2001 ).
The Korean rose bitterling is endemic species to Korea and the importance in the resources enforcement has been emerged (Jeon, 1982) . Therefore, it is important that we understand the timing of sex differentiation timing and the sex ratio in this species. Future studies should focus on tracking the differentiation and development of the gonad in the Korean rose bitterling to see how the sex ratio and timing of sex differentiation can be altered by artificial factors (e.g., hormones and environmental factors). The results of the present study could be utilized as fundamental data for the resources proliferation and the ecological changes in this species.
